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ABSTRACT 
Background 
Major bile duct injury (MBDI) remains frequent after laparoscopic cholecystectomy (LC) 
reaching to 0.3 to 0.6% and is associated with a significant mortality rate. The aim of this 
study was to retrospectively analyze the factors likely to influence the long-term results of 
surgical repair for MBDI occurring after LC. 
Methods 
Medical records of patients referred to our referral center from January 1992 to January 2010 
for management of bile duct injury following LC were retrospectively analyzed, and patients 
with MBDI were identified. Clinicopathological factors likely to influence long-term results 
after surgical repair were assessed by univariate and multivariable analysis.  
Results  
During the study period, 38 patients were treated for MBDI. These 38 patients underwent 
Roux-en-Y hepaticojejunostomy (HJ) or HJ revision in 25 (66%) and 13 (34%) cases, 
respectively. The median follow-up period was 93 (26-204) months. A Clavien-Dindo 
postoperative morbidity class >3 occurred in 10 (26%) cases and was independently 
associated with a surgical repair performed during a sepsis period (OR=102.5 IC 95% [7.12; 
11352], p<0.007). Long-term results showed that biliary strictures occurred in 5 (13%) cases 
and were associated with sepsis (p<0.006), liver cirrhosis (p<0.002) and postoperative 
complications (p<0.012). Multivariate analysis revealed that only liver cirrhosis remained 
predictive of stricture (OR=26.4, IC95% [2; 1018], p<0,026) 
Conclusion 
When MBDI occurs following LC, HJ seems to be the optimal treatment but should not be 
performed during a sepsis period. Long-term results are significantly altered by the presence 
of a biliary cirrhosis at time of repair.  
INTRODUCTION  
Cholecystectomy is one of the most frequently performed surgeries, with approximately 
50,000 and 750,000 procedures performed annually in France and the United States, 
respectively [1]. The advent of laparoscopy has led to a significant increase in bile duct injury 
(BDI) rates, now reaching 0.3 to 0.6% [2,3] and mainly occurring during the learning curve 
[4]. In spite of Strasberg’s “critical view of safety”, new studies and new recommendations 
about the management of biliary disease have not yet significantly reduced the rate of BDI [5-
7]. Recently, Fullum et al reported the results of a Nationwide survey of cholecystectomies 
and showed that the only risk factors of BDI were : i)male gender; ii) age>60 years and iii) 
academic hospital status. In this series,  laparoscopic cholecystectomy was not associated with 
an increased risk of BDI [8]. The most important factor mainly correlated for improving the 
outcomes of cholecystectomies, remains the expertise of the surgeon [9,10]. MBDIs 
correspond to type E of Strasberg’s classification and includes all types of sections of the 
common bile duct or its primary radicles [2,6]. Moreover, major BDIs are frequently 
associated with arterial injuries, i.e., a section of the right branch or the main trunk of the 
hepatic artery [11]. When MBDI occurs, mortality rates can reach 9% versus 0.45% when 
absent [12]. 
Whereas minor BDIs (i.e., leakage from the cystic duct or lateral injury of the common bile 
duct) can be easily treated endoscopically, MBDIs primarily require surgical repair. The gold-
standard surgery is Roux-en-Y hepaticojejunostomy (HJ) as described by Couinaud, 
combined or not combined with liver resection [13-15]. However, the optimal care of major 
BDIs, including the timing of repair, the type of surgery and the factors effecting worse 
outcomes, remain widely debated. Moreover, an accurate assessment of the repair results 
requires a long follow-up because some complications such as anastomotic stricture or 
secondary biliary cirrhosis may occur several years after surgical repair.  
Although numerous studies
 
have reported the incidence and results of major BDIs [16-21], 
very few have focused on very long-term outcomes. The aim of the present study was to 
analyze the factors likely to influence very long-term results after primary or secondary 
surgical repair of post LC MBDI in a tertiary referral center. 
 
METHODS 
Patients 
The study population included all patients with BDI who were transferred to our institution 
between January 1992 and January 2010. Only patients with major BDI were analyzed. MBDI 
corresponds to type E of Strasberg's classification.  
 The clinical data were retrospectively collected and analyzed after Institutional Review board 
approval was obtained.  
  
The collected data included age, sex, ASA Score, local sepsis, cholestasis (GGT serum over 
twice normal rate), presence or lack of jaundice and presence or lack of liver cirrhosis due to 
biliary obstruction at the time of repair in referral center and vascular injuries associated with 
BDI. Accordingly, CT scan was performed for each patient in order to search vascular injury 
before surgery in our center. Delay between the onset of MBDI diagnosis and time of transfer 
at our referral center was also assessed. 
Ongoing sepsis was assessed in the presence of at least one of the following features, 
independently of previous surgery: leukocytosis >15000/mL, fever > 38.5°C, angiocholitis 
episodes, peritonitis or intra-abdominal abscess [12]. The delay between the onset of MBDI 
diagnosis and surgical management was defined as follows: immediate (perioperative or 
under 72 h), intermediate (between 72 h to 6 weeks) or late (over 6 weeks) [22].  
The number of biliary anastomoses performed at time of repair was sorted into two groups: 1 
and more than 1. The level of the anastomoses (on the common bile duct, on the confluence or 
on the hepatic duct), the use of biliary stenting and the necessity of liver resection were also 
collected for analysis.  
 
Postoperative morbidity was classified according to the Clavien-Dindo Score (CDS) during 
the initial hospital stay or within 30 days after surgery if the patient was discharged [23]. 
Major postoperative complications were defined by a CDS of 3 or over. Moreover, patient 
death during the initial hospital stay or within 30 days after surgery if the patient was 
discharged defined postoperative mortality. 
 
Surgical repair 
All patients referred to our center for MBDI repair underwent first HJ or redo HJ with or 
without associated liver resection. All of the procedures were performed by a senior hepatic 
surgeon. The enteric loop length was 80 cm, as measured with a ruler. All anastomoses were 
stented via transjejunal drain using the Völker technique. When liver resection was necessary, 
it consisted either in segment 4a and partially 5 resection to expose the biliary confluence 
from the top or a right hepatectomy when BDI had led to right liver atrophy. Systematically, a 
wedge biopsy of the liver was carried out to evaluate the impact of biliary obstruction. 
  
 
Long-term follow-up 
An update of the clinical, biological and ultrasonography outcome of all patients was 
performed between December 2011 and March 2012. 
Good long-term results were defined by the absence of clinical symptoms, normality of 
hepatic laboratory tests and absence of dilatation of intrahepatic bile duct on ultrasonography 
performed at least one time per years after repair. 
 
Statistical analysis 
Quantitative variables were expressed as the mean ± standard deviation (SD) or the median 
value with the 25
th
 and 75
th
 percentile and compared using Student’s t-test or Wilcoxon test, as 
appropriate. The qualitative variables were expressed as numbers and percentages and 
compared with the results of Chi-squared or Fisher’s exact tests, as appropriate. All variables 
with p<0.15 in univariate analysis, as well as variables supposed to have a clinical influence 
on the complications rate as well as stenosis, were entered into a multiple logistic regression 
model. A variable selection procedure was performed using the stepwise procedure (backward 
method) based on minimalizing the AIC (Akaïke Information Criterion).  
A p value of < 0.05 was considered to be statistically significant. All statistical analysis were 
performed using R statistical software, version 2.15.1 (http://www.r-project.org/). 
RESULTS 
 
Demographic data and injury characteristics 
During the study period, 60 patients were referred to our center for BDI. Among them, 38 
patients (15 men, 23 women, median age 61 (range: 33 to 88)) had MBDI. Ten (26.3%) of the 
38 had associated right hepatic artery interruption. No patient presented cirrhosis at the time 
of LC. 
Surgical management prior referral (Fig. 1) 
Twelve patients (32%) were immediately referred without any attempt to repair. A previous 
surgical attempt to repair was performed in 26 cases (68%), including primary repair over a T-
Tube, bilio-biliary anastomosis and HJ in 17 (45%), 1 (3%) and 8 (21%) cases, respectively. A 
second surgical attempt to repair prior to referral was performed in 6 (23%), i.e., HJ in 5 
(13%) cases and repair over a T-Tube in 1 (3%) case. The time elapsed between the onset of 
MBDI and repair before referral was immediate in 15 (39%), intermediate in 7 (18%) cases 
and late in 4 (11%) patients.  
Surgical management and postoperative outcomes after repair in our center 
Twenty-five (66%) patients underwent primary Roux-en-Y HJ, and 13 (34%) patients 
underwent reconstruction of a previous HJ. Median length of hospital stay was 11 [5-55] days. 
In 9 cases (23.7%), liver resection was associated with HJ. Among the 38 cases of the series, 
15 (39%) had sepsis, as defined previously, at the time of surgery and 35 (92%) patients had 
cholestatis. Jaundice was present in 16 (42%) cases. Secondary biliary cirrhosis due to 
obstruction was found in 7 (18%) cases upon histological examination of the liver specimen. 
There was no cirrhosis due to other reason. 
Table 2 reports the outcome of the 38 patients after surgical repair in our center. Postoperative 
biliary leakage occurred in 10 cases (26%). Biliary leakage required redo surgery in 4 (10%) 
cases and percutaneous drainage in 6 (16%) cases. There was no postoperative mortality. 
Risk factors for perioperative major morbidity after repair (Table 2) 
Among the 17 variables assessed by univariate analysis, repair performed during a sepsis 
phase (p<0.001) and the presence of a cirrhotic liver (p<0.06) were related to major morbidity 
after repair. Multivariable analysis revealed that only the repairs performed during a sepsis 
period (OR 102.5 IC 95% [7.1; 11352.3], p<0.007) remained a significant independent risk 
factor for major morbidity. 
Long-term results of biliary repair and risk factors for biliary stricture (Table 3) 
The median follow-up was 93 months (range: 26 to 204).  
During follow-up, the overall mortality was 13% (5 cases). The cause of death was 
cardiovascular disease in 2 cases at months 60 and 142, respectively. Colon and breast cancer 
were responsible for death in two cases at 173 and 70 months, respectively. One (3%) patient 
died due to biliary sepsis on postoperative month 39 after major BDI repair. 
Post-repair biliary stricture occurred in 5 (13%) cases (Table 3). The median delay between 
repair and the onset of stricture was 60 months (range: 9 to 158). These 5 patients were 
operated during a sepsis period. All 5 patients with stricture required a redo surgery by 
reconstruction of HJ. Redo surgery was successful in 2 (5%) cases; 1 patient died due to 
sepsis, and 2 (5%) patients eventually required a liver transplantation for secondary biliary 
cirrhosis.  
At the end of the follow-up, a good result (i.e., laboratory tests within the normal range and 
absence of dilatation of intrahepatic bile duct) was obtained in 30 (79%) cases. Three patients 
(8%) still described angiocholitis episodes without visible biliary stricture and were 
successfully treated with prolonged treatment with quinolones. 
Among the 18 factors assessed by univariate analysis, repair performed during a sepsis period 
(p<0.006), the presence of a cirrhotic liver (p<0.002) and the occurrence of major 
postoperative complication (p<0.012) were significantly related to biliary stricture. 
Multivariable analysis revealed that only cirrhosis (OR 26.4, IC95% [2;1018.14], p<0.026) 
remained a significant independent risk factor for biliary stricture. 
 
 
DISCUSSION 
  
To date, MBDIs remain frequent, plateauing at 0.3 - 0.6% of all cases of LC [3,24,25]. Most 
of these patients are referred in tertiary referral centers, either immediately or after having 
been unsuccessfully reoperated. Analyzing the long-term outcome of 38 patients referred for 
primary or secondary surgical repair of MBDI showed that reconstruction using RY with or 
without associated liver resection provided good long-term results in 79% of cases regardless 
of the number of previously performed surgeries. Surgical repair during a sepsis period or the 
presence of a biliary cirrhosis were independent risk factors of major postoperative 
complications or the recurrence of biliary stricture, respectively. 
The current report highlights that the factor exerting the most important impact on long-term 
results was the presence of established liver cirrhosis due to chronic biliary obstruction at the 
time of surgical repair, a finding that to our knowledge has not been reported to date. These 
results confirm the work of Lokesh et al. in which the authors showed that the duration of 
biliary obstruction before repair was an independent factor of secondary stricture [26]. 
Parallel to this finding, and in line with numerous other reports, we showed that i) performing 
surgical repair during a sepsis period and the occurrence of major postoperative complications 
(CDS >
 
3) were associated with an increased risk of biliary stricture recurrence [12,19]; ii) the 
level of the HJ was not a risk factor of anastomotic stricture [17,21], whereas others have 
shown that HJ performed high up to the right-left hepatic duct confluence is associated with 
an increased rate of failure [15]; iii) right hepatic artery obstruction at the time of LC was 
frequent but had no impact on long-term results after surgical repair, as it has previously been 
suggested [27,28]. This observation is, however, in opposition with the results of Sarno and 
colleagues [29], suggesting that patients with concomitant vascular and biliary injuries had 
worse outcomes. 
To date, it is accepted that the safest way to repair MBDIs is Roux-en-Y HJ [14,15]. However, 
Moraca et al. reported similar long-term results after hepaticoduodenostomy (HD) or HJ [17] 
and recommended performing HD rather than HJ because the surgery can be completed more 
quickly, it is easier to perform and secondary endoscopic procedures are still possible when 
necessary. We believe that HJ remains the only way to divert the biliary tree at the level of 
confluence or above. In the present study, 9 patients had concomitant liver resection, and in 
these cases, an HD would not have been possible.  
Flum et al. [1] demonstrated increased mortality when the repairing surgeon was the same as 
the injuring surgeon, and several studies have confirmed this observation [14,16,21,30]. The 
results of the current work reveal no impact of pre-referral repair on outcome. Similarly, the 
timing of repair remains controversial. Although some studies have suggested a significant 
correlation between early repair and worse prognosis [12,14,28], others have found no impact 
of the time elapsed between injury and repair [16,18]. Recently, Pekolj et al, showed in a large 
single-center study, that the intraoperative repair of BDI performed during LC by experienced 
hepatobiliary surgeons either by open or laparoscopic approach appears of paramount 
importance to assure optimal results [31]. In fact, these contradictory results suggest that more 
than the timing of repair, it is the expertise of the surgeon who performs the surgery that may 
be the key to success [16,19]. The results obtained in the current study emphasize the need to 
minimize postoperative complications, which may be facilitated by referring patients to 
tertiary hepato-biliary (HB) centers.  
 
A major focus of interest of the present study lies in the long-term follow-up period. Indeed, 
failure of HJ may be symptomatic only several years after the initial repair. With a median 
follow-up period of 93 months, we found that 13% of our patients showed a post-repair 
stricture These results are in line with those of previous studies that have reported rates of 
post-repair strictures between 10% to 19% [12,19]. In these patients, we prioritized surgical 
repair over endoscopic or radiological approaches with dilatation or stenting of the 
anastomosis [18,32]. Despite this aggressive approach, 2 of the 5 patients who underwent 
anastomotic repair developed secondary biliary cirrhosis and eventually underwent orthotopic 
liver transplantation (5.3% of the 38 referred cases). The same results were previously 
reported by Schmidt et al., with a special focus on the delay of occurrence justifying 
prolonged oversight [19].  
In conclusion, the treatment of MBDI remains a challenge requiring support at expert HB 
centers. Achieving repair by HJ provides good long-term results but should not be performed 
during a sepsis period in order to reduce major postoperative complications and an increased 
risk of anastomotic stricture. The presence of biliary cirrhosis was determined to be the only 
independent risk factor for anastomotic stricture in the current study. In these cases, liver 
transplantation should be discussed at an early stage.  
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Figure 1. Flow chart of the study 
Table 1. Patients’ characteristics 
 
Parameters    n= 38 (%)         
Age (years) 61±16  
Sex (male/female) 15/23  
ASA Score   
 1 12 (32%)  
 2 16 (42%)  
 3 10 (26%)  
 4 0  
Sepsis  15 (39%)  
Bilirubin over 2N 16 (42%)  
Cholestasis over 2N 35 (92%)  
Cirrhosis  7 (18%)  
Strasberg's Classification of BDI   
 E1 6 (16%)  
 E2 14 (37%)  
 E3 6 (16%)  
 E4 9 (24%)  
 E5 3 (8%)  
Associated Vascular Injury 10 (26%)  
yrs = years; wks = weeks; 2N = twice normal rate 
 
E1: Common hepatic duct division, >2 cm from bifurcation 
E2: Common hepatic duct division, <2 cm from bifurcation 
E3: Common bile duct division at bifurcation 
E4: Hilar stricture, involvement of confluence and loss of communication between right 
and left hepatic duct 
E5: Involvement of aberrant right hepatic duct alone or with concomitant stricture of 
the common hepatic duct 
Table 2. Risk factors of major complications after repair 
 
       Major Morbidity    
 Yes No Univariate Multivariable  
 Parameters n=10 n=28 p OR - IC95% p 
Age (years) 53.9±13 63.7±16 0.072 0.95 [0.87;1.01] 0.123 
Sex (male) 4(40%) 11 (39%) 1   
Length of hospital stay (days) 18±12 10±9 0.052  -   -  
ASA Score        
   1 3 (30%) 10 (36%) 0.806   
   2 4 (40%) 12 (43%)    
   3 3 (30%) 6 (21%)    
Sepsis 9 (90%) 6 (21%) <0.001 102.5 [7.12;11352] 0.007 
Cholestasis over 2N 9 (90%) 26 (93%) 1   
Cirrhosis 4 (40%) 3 (11%) 0.06  -   -  
Bilirubin over 2N 6 (60%) 10 (36%) 0.267   
Strasberg's Classification of BDI    0.468   
E1- E2 4 (40%) 16 (57%)    
E3 and more 6 (60%) 12 (43%)    
Associated Vascular Injury 2 (20%) 8 (29%) 0.699   
Delay diagnosis    0.35   
immediate 3 (30%) 15 (54%)    
intermediate 5 (50%) 7 (25%)    
late 2 (20%) 6 (21%)    
Delay to first repair before 
Referral    0.369   
immediate 3 (30%) 12 (43%)    
intermediate 3 (30%) 4 (14%)    
late 0 (0%) 4 (14%)    
First repair by referral 6 (60%) 20 (71%) 0.694   
Delay to referral    1   
immediate 0 (0%) 0 (0%)    
intermediate 1 (10%) 5 (18%)    
late 9 (90%) 23 (82%)    
Number of anastomosis    1   
1 3 (30%) 10 (36%)    
>1 7 (70%) 18 (64%)    
Level of anastomosis    0.143 8.59 [0.75;252] 0.121 
CHD / confluence 2 (20%) 14 (50%)    
IntraHepatic duct 8 (80%) 14 (50%)    
Liver resection associated    0.205   
No 6 (60%) 23 (82%)    
Yes 4 (40%) 5 (18%)    
Roux en Y revision 2 (20%) 7 (25%) 1   
Anastomosis bile stenting 4 (40%) 19 (68%) 0.15 0.09 [0.002;1.18] 0.116 
 
 
 
 
 
Table 3. Long-term results after hepaticojejunostomy to repair major bile duct injury 
after laparoscopic cholecystectomy  
 
 
                     
Biliary 
Stricture     
 Yes No Univariate Multivariable              
 Parameters N=5 N=33 p OR - IC95% p 
Age (years) 61.2±13 61.1±16 0.991   
Sex (male) 3 (60%) 20 (61%) 1   
ASA Score (N,%)    0.17   
1 1 (20%) 12 (36%)    
2 1 (20%) 15 (45%)    
3 3 (60%) 6 (18%)    
Sepsis 5 (100%) 10 (30%) 0.006  -   -  
Cholestasis over 2N 4 (80%) 31 (94%) 0.353   
Cirrhosis 4 (80%) 3 (9%) 0.002 26.4 [2;1018] 0.026 
Bilirubin over 2N 4 (80%) 12 (36%) 0.141 3.88 [0.2;166] 0.387 
Associated Vascular Injury 1 (20%) 9 (27%) 1   
Delay diagnosis    0.839   
immediate 3 (60%) 15 (45%)    
intermediate 1 (20%) 11 (33%)    
late 1 (20%) 7 (21%)    
Delay to first repair before Referral    1   
immediate 1 (20%) 12 (36%)    
intermediate 3 (60%) 6 (18%)    
late 1 (20%) 4 (12%)    
First repair by referral 4 (80%) 22 (67%) 1   
Delay to referral    0.57   
immediate 0 (0%) 0 (0%)    
intermediate 0 (0%) 3 (9%)    
late 5 (100%) 27 (82%)    
Number of anastomoses    0.64   
1 1 (20%) 12 (36%)    
>1 4 (80%) 21 (64%)    
Level of anastomosis    0.374   
CHD / confluence 1 (20%) 15 (45%)    
IntraHepatic duct 4 (80%) 18 (55%)    
Liver resection associated    0.574   
No 3 (60%) 26 (79%)    
Yes 2 (40%) 7 (21%)    
Roux en Y revision 2 (40%) 7 (21%) 0.574   
Anastomosis bile drain 2 (40%) 21 (64%) 0.365   
Postoperative major biliary 
complication 4 (80%) 6 (18%) 0.012 13.23 [0.92;560] 0.086 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Major BDI 
n=38 
 
 
Minor BDI 
n=22 
 
 
Prior surgery 
before referred 
No 
n=12 
 
 
Yes 
n=26 
 
 
Repair on 
T-tube 
n=17 
 
 
End to end biliary 
anastomosis 
n=1 
 
 
Roux-en-Y HJ 
n=8 
 
 
Repair on T-tube 
n=1 
 
 
Bile Duct Injury (BDI) referred to our center 
n=60 
Roux-en-Y HJ or revision of HJ in our referral center 
n=38 
 
 
Roux-en-Y HJ 
n=5 
 
 
 
